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The measurement process is a noisy channel; information is lost. The 
role of analysis is to try and reconstruct the physical observable. 
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Plus, it can be fun to worry 
about random walks.

an Understanding of 
diffusion can facilitate 
rational design, leveraging 
artificial intelligence.

Diffusion plays an important 
role in energy materials 
and industrial processes.

roger roger.



Arrhenius modelling can 
be used for diffusion...
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then put your 
little hand in mine...

repeating simulations can 
become tedious...
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Ideally, from a single 
measurement.

...so we want the best way to 
maximise the precision of 
our estimate and the 
accuracy of the variance 
estimate.
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repeating simulations can 
become tedious...
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After 16 2d Random walk steps, there are a 
range of values of displacement that can 
be reached....

*Called Heteroscedasticity 

...after longer periods of time, that range 
(the variance) increases*.
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Heteroscedastic 
and uncorrelated
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0 +1-1-2-3-4 +2 +3 +4

if A particle on a 1d random walk with a step 
size of 1...

0 +1-1-2-3-4 +2 +3 +4

Then after 6 steps, It could only be at 
positions of 0 or +2...

0 +1-1-2-3-4 +2 +3 +4

...and after 5 steps, it gets to the position +1.

0 +1-1-2-3-4 +2 +3 +4

...and after 7 steps, it can only be at 
positions -1, +1, or +3.
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Overlapping samples can maximise the number 
of observations...

0 1 2 3 4 5 6
Simulation Steps

number of steps = 2

...However, as the 
samples are not
statistically independent,
the variance must be 
rescaled by the number 
of independent samples.

σi =
σ
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The full covariance matrix can be 
modelled based on freely diffusing 
particles. 
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McCluskey, Coles, Morgan, J. Chem. Theory Comput., 21(1), 79, 2025.
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With support 
for pymatgen, ASE, 

and MDAnalysis 
objects

pip install kinisi

Available Now! 
Open-Source!

kinisi.rtfd.io

McCluskey, Squires, Dunn, Coles, Morgan, J. Open Source Softw., 9(94), 5984, 2024.
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Arrhenius modelling can 
be used for diffusion...
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We can then propagate the error in D* to the error in the 
activation energy of diffusion. 

...and without error bars 
results are meaningless.
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McCluskey, J. Chem. Educ., 100(11), 4714, 2023; McCluskey, Coles, Morgan, In Preparation.
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